T e t r a h y d r a t e , f r a w s -( N H 4) 2[ R u ( S 0 3 ) 2( N H 3) 4]»4 H 20 , a n d t h e T u n i n g o f t h e r r a u s -I n f l u e n c e o f t h e S u l f i t e L i g a n d
Introduction
In our structural studies on sulfito complexes of platinum-group metals evidence for the strong fra/M-influence of the S-coordinated S 0 3 ligand has been found repeatedly. This phenom enon has been proved for Pd(II) and Pt(II) complexes with planar four-coordination [1], as well as for a few octahedral Rh(III) and R u(II) complexes [2] [3] [4] [5] . In the latter peripheral O -protonation of the S 0 3 ligand apparently diminishes its rra/?s-influence [6-9, 5]; however, the effect of the concomitant change of the total charge in the complex has to be taken into account. The obvious and experi mentally feasible transition to the sulfur dioxideligand [5, 10, 11, 12] seemingly weakens the transinfluence even more [5] .
A few papers, scattered in time, deal with hydrogensulfito and hydrogendisulfito complexes of Ru(II) [11-14, 6 -9 ], but there are no reports on sulfito complexes of R u(II). We have now suc ceeded in preparing the m oderately stable trans-* Reprint requests to Prof. Dr. D. K. Breitinger.
(NH4)2[R u (S 0 3)2(NH3)4]-4 H 20 (1), also in fully deuterated form for spectroscopic purposes, and we have solved its crystal structure [5] . (1) 0.100 g (0.302 mol) of frans-[R u(S03H )2(N H 3)4] (2) (prepared after [9] ) are dissolved in 10.0 ml of 25% aqueous NH3, and undissolved residues are filtered off if necessary. From this solution kept at +5 °C compound 1 crystallizes within 1 d; the yield is improved by addition of 10 ml of pure acetone and storing at +5 °C. The compound should be fil tered off only shortly prior to use and dried in air for about 10 min. A ttem pts to wash the sample with acetone or alcohols, or to dry it in a vacuum, lead to quick decomposition. To avoid decomposi tion the compound may be kept under the m other liquor below 0 °C. -Yield: 0.105 g (79.5%).
Experimental

P reparation o f tran s-(N H 4) 2[ R u ( S 0 3)2(N H 3) 4]-4 H 20
Elem ental analysis for H, N and S by standard combustion method. The density was determ ined pyknometrically with /7-heptane (Table I) .
C ollection an d reduction o f data
A single crystal of 1 was imbedded in silicon grease of medium viscosity and m ounted in a glass capillary ( 0 0.4 mm); thus protected the crystal survived the data collection without decom position.
The space group was determ ined on the basis of W eißenberg photographs (C u^a radiation). Inten sity data were collected with a four-circle diffracto m eter Huber. Lattice param eters were calculated from 64 reflections in the range 20.1° < 0 < 24.3°. t/>-scans provided the basis for an empirical ab sorption correction. A correction for extinction [34] was also applied. Crystal data and details of the data collection and treatm ent are given in Table I .
Structure solu tion a n d refinem ent
Direct Methods (SHELXS-86) [15] gave the po sitions of all atoms, except the H atoms, which were found from difference Fourier syntheses. The refinem ent on F was perform ed with XTAL 3.0 [16] using all unique reflections. The H atoms were refined geometrically free with individual isotropic displacement factors U H. F urther details of the procedure are given in Table I , the final atomic coordinates and displacement factors (equivalent values £/eq, isotropic f7H) are compiled in Table II. Figures 1 to 3, and 4, respectively, were gener ated with the programs O R TEP [17] and SCH A KAL [18] , Further data (all details of the data collection and structure solution, complete bonding parame- ters for the hydrogen-bond system, anisotropic displacement factor may be obtained from Fachinformationszentrum Karlsruhe, Gesellschaft für wissenschaftlich-technische Inform ation mbH, D-76344 Eggenstein-Leopoldshafen, by quoting the Registry-No. CSD 404692.
Results and Discussion
P roperties o f 1
As mentioned in the preparative section the iso lated compound 1 in coarsely and particularly in finely crystalline form is not very stable, even un der inert gas, but it is stabilized after imbedding in silicon grease. On decomposition with loss of mass (primarily dehydration) the sample turns reddishblue and gets paramagnetic; simultaneously the IR spectrum changes strongly (apearance of sulfate bands). The processes during decomposition of the solid are not yet elucidated in detail, nor is the decay of the compound in aqueous and ammonia solutions.
On addition of the stoichiometric am ount of a strong acid to crystalline 1 the starting compound 2 is regenerated. This reaction may be used for the Table IV . The two independent R u -N bonds in the exactly planar RuN4 fragment are not signifi cantly different (average R u -N = 214.1 pm); like wise, the angles between these R u -N bonds do not deviate significantly from 90°. Moreover, the R u -S bond is only weakly inclined (0.87(5)°) towards the normal on the RuN4 plane. Thus far, there is almost complete agreement with the find ings for 2 [8, 9, 5]. M arked differences occur with the R u -S bonds which are significantly longer in 1 (230.5(1) pm) than in 2 (227.6(1) pm). This shift of bond length originates simply from the weaken- ing of the /rans-influence of the sulfite ligand on protonation. In detail, the simultaneous changes of the total charge of the complex unit and of the internal charge distributions in the sulfite versus the hydrogensulfite ligands co-operatively bring about the observed bond-length variation. An im pression of the effect of the total charge on the trans-influence is provided by the case of Na4[Ru{(S0 3 )2H}2(N H 3)2]-6 H20 with even longer R u -S bonds, (average R u -S = 233.5(2) pm from two independent, de fa cto equal bond lengths) [6] .
The strength of the S-coordination and the in volvement of the anion in a complex hydrogenbond system affect the internal bonding situation of the sulfite ligand in an opposite way: Whereas S-coordination causes shortening of the S -O bonds and widening of the O -S -O angles with reference to ionic sulfite, still modified by the total charge, coordination of counter cations or attach ment of hydrogen bonds to the oxygen atoms of the sulfite group effect the contrary, at least in the S -O bonds. In the present case the three indepen dent, long S -O bonds are slightly different at the verge of significance (151.2(1), 150.7(1), and 151.7(1) pm). These minor differences may be ex plained qualitatively by the kind of imbedding of the anion in the H bond system. Thus, at O l two medium strong H bonds from the donors O H 2 and NH 4+ are attached, 0 2 participates in one medium strong H bond from O H 2, two weak to very weak bonds from the N H 3 ligands, and possibly in a very weak bifurcated bond from NH4+ (see below), and 0 3 is the target of three medium strong [21] (CN ligand with strong rrans-influence, high total charge, coordination of Na+, hydrogen bonds).
The h yd ro g e n -b o n d system
All potential hydrogen-bond donors (for restric tions see below) and acceptors are involved in the complex hydrogen-bond system. Here only the as pects relevant for the coherence of the structure and for the structural findings are dealt with.
The clearest and most homogeneous situation is met for the N H 4+ cation (Fig. 2) , of course solely a donor. Acceptors are 2(+ l) O atoms in two sulfite ligands and 2 O atoms in the independent water molecules. The distances between the donor cen ter N3 and the acceptors scatter m oderately (ex cept for N3---0211; the acceptor 0 2 " perturbs the H-bond N 3-H 34--0 1 11, so that this subsystem tends to bifurcation) (Table III) . They are consid ered to correspond to at least medium strong hy drogen bonds, since they are shorter than the mean (289.2 pm) of a large sample of intermolecu- [22] ) and fall in the ranges of strong to medium strong bonds N -H-O -P (270 to 295 pm) [23] and of the medium strong bonds N -H -O -S in (N H 4)2S 0 v H 20 (281 to 285 pm) [24] . The arrangem ent of the acceptors and of the H atoms around the donor center N3 is essentially tetrahedral (see Table III ). All these N -H -O hydrogen bonds deviate clearly from linearity. Although crystallographically independent, the two water molecules assume similar functions in the structure (Fig. 2) . As donors of medium strong hydrogen bonds O -H -O (Table III) to sulfite li gands of neighbouring complex anions they con tribute to the cohesion of these complexes to layer packages around (001) (cf. Fig. 3 ). As acceptors they are involved in both medium strong intra layer bonds N 3 -H -0 4 /5 and in two weak bonds [25] ) resemble those in ice I (276 pm [26] ). These water molecules are in principle tetrahedrally surrounded by acceptors and donors; hence, they are to be assigned to type E in the classification of hydrate water molecules by Chi dam baram et al. [27] .
Anion [R u (S 0 3)2(NH3)4]2 and hydrogen bonding o f the ammine ligands
The two independent ammine ligands of one complex anion each donate only two rather weak hydrogen bonds (Table III) , viz. to the same O atom of the sulfite ligand in a neighbouring com plex in the same layer, and to two different H 20 molecules in an adjacent layer. Thus, the bonds N 1/2-H --04/5 give a small contribution to the weak connection between the layers (see the pre ceding paragraph).
As a grand total, out of the twelve hydrogen bonds in the asymmetric unit four belong to a group of medium-strong bonds of the type O -H -O, four each to two groups of medium-strong and weak bonds of the type N -H -O. Seven m e dium strong and two weak H-bonds link the ani ons [R u (S 0 3)2(N H 3)4]2~, the cations NH4+, and the H 20 molecules to layers with symmetry p I in the plane (001) (section in Fig. 3 ). Only one m od erately strong hydrogen bond N 3 -F I3 4 -0 1 and two very weak ones N 1 /2 -H -0 4 /5 provide the cohesion between the layers. Fig. 4 gives an im pression of the entire system of hydrogen bonds with high density within the layers in (001) and thinning between these layers. This arrangement of layers probably influences the macroscopic shape of the crystals of 1 with a marked develop ment of the faces (001).
The tim ing o f the trans-influence o f the sulfite ligand
Previous experiences suggest that the S-coordinated sulfite ligand possesses strong a-donor and weak yr-acceptor properties, and that it diminishes the acceptor ability of the central atom on coordi nation, particularly in tran s-position [1] . Intelligi bly, the total charge of a complex will effect the net charge-transfer in the donor-acceptor interac tion between ligand and central atom. This point has been dealt with in MO studies [28] , F urther more, charge dependent electrostatic interactions of the ligands with each other and with their envi ronm ent in the crystal modify the bonding situa tion in a complex. This point should be kept in mind when comparing the bonding in complexes with different charges.
On protonation of free sulfite at one of the oxy gen atoms the positive charge on sulfur increases according to quantum-chemical calculations [29] . If already S-coordinated sulfite is protonated a decrease of its a-donor strength and an increase of its ^"-acceptor ability is expected. As a conse quence, the metal-to sulfur and the metal-to-coligand bonds in fra^s-position should be strength ened, i.e. the rrans-influence should be reduced.
The (py = Pyridin, bipy = 2,2-Dipyridyl) [7] suggest an almost vanish ing /7w7s-influence of the S 0 3H ligand; in these cases geometric and/or steric factors may also be operative.
Quantum-chemical calculations on three models for the complex units in 1 and 2 partly with simula tion of the crystalline environm ent yield consistent results for a quality relevant in the present discus sion [5], On transition from 1 to 2 the formal charge q is shifted in positive direction both on the central Ru atom and on the S atom of the ligand, in such a way that always q ( Ru) > g(S), but that the difference g(R u) -q (S ) is bigger in 1 than in 2. That means more polarity or lower covalency of the R u -S bond in 1, or a reduced trans-influ ence in 2.
It would be desirable to check experimentally the effect on the rrans-influence of attachm ent of other electrophilic particles, including neutral spe cies, to the sulfite ligand.
To conclude, it might be m entioned that S. Isied and H. Taube [30] found a gradation of the kinetic trans-effect in the series S 0 2 < S 0 20 H < S 0 32~.
Findings fro m vibration al spectra
An indirect hint to the relatively weak R u -S bond in 1 as a consequence of the fram-influence is provided by the frequency range and distance of the vibrations vas(S 0 3) and vs(S 0 3) of the sulfite ligand (Table IV) . The characteristic IR absorp tions at 970 and 914 cm-1 are unusually low for Scoordinated sulfite. Normally, for platinum-m etalsulfite complexes these vibrations appear in the range 1100 to 950 cm "1 with a distance of about 100 cm-1 (see e.g. [13] ). The Ram an spectrum (the mutual exclusion rule applies) no longer shows separate bands for vas and vs, but rather one asym metric band, broadened and slightly structured in the high-frequency flank. It can be shown, that the changes of the internal structure of the S 0 3 ligand brought about on the strengthening of the S-coordination cause high-frequency shifts and an increasing distance of vas and vs, and vice versa [31] . Thus, low frequencies and small distances of vas and v s in 1 are indicative of the weak R u -S bond.
The identification of the R u -S valence vibra tion is less obvious. W hereas with rra^5-[RuX(-S 0 2)(N H 3)4]X (X = Cl and Br) the vibration v(RuS), isolated in frequency (around 350 cm -1), surpasses all other features in the Ram an spectrum and is also clearly visible in the IR spectrum [10], with 2 reliable assignment of vs(R uS2) (medium Raman intensity) is still pos sible (268 cm -1) [5] . But with 1, the vs(RuS2) band obviously moves into a group of Raman bands of similar intensities between 300 and 150 cm -1. On deuteration the profile of this group of bands changes considerably. However, one distinct weak com ponent of this group shifts only slightly (246 to 241 cm -1), and is therefore assigned to vs(R uS2). With other platinum-metal-sulfite com plexes the v(MS) vibrations, which are affected by the rrafts-influence, appear in the same frequency region [13, 32, 1]. The decrease in frequency and in intensity of this Raman band is consistent with the lengthening of the R u -S bond and its increased polarity in 1, as com pared with 2 (see the preceding section).
As to the position of the v(RuN4) vibrations (alg and b lg under pseudosymmetry D4h in the Raman spectra, eu weak or not observable in the IR spectra), the respective bands of 1 are slightly lower (<10 cm -1) than with 2, in spite of the same bond lengths. However, one has to consider the m arked dynamical interactions in the fragment RuN4 [10], which are subject to the changing elec tronic situation at the central atom, and the change in mixing of these v(RuN4) modes with other skeletal vibrations of the same symmetry. For a better understanding of bonding in terms of force constants normal coordinate calculations of these and similar systems are in progress [33] . nical assistance, DEGU SSA, Hanau, for gifts of platinum-group metals, and the Fonds der Chem ischen Industrie, Frankfurt/M ain, for continuous support.
Part of this work has been accomplished during a stay at the D epartm ent of Analytical Chemistry (head Professor J. Mink), University of Veszprem. Hungary. One of the authors (D. K. B.) thanks Professor Mink for his hospitality and for discus sions, and the Hungarian Academy of Sciences, Budapest, for support of this stay. 16 
